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Test-retest reliability of the ABILHAND
Questionnaire in persons with chronic stroke INTRODUCTION Stroke is one of the most common causes of disability in the world [1] . It often leads to a variety of sensorimotor deficits that affect motor control. Various impairments of arm and hand are present in 70 to 80% of the stroke patients in the acute phase and still in about 40% in the chronic phase [2, 3] . These impairments impact on the ability to perform daily activities and to participate in society, according to the International Classification of Functioning Disability and Health (ICF) [4, 5] . Regaining arm and hand function and the ability to perform daily hand activities is therefore an important goal during stroke rehabilitation [6, 7] .
However, much research remains to establish effective rehabilitation interventions that enable the recovery of the arm and hand and the ability to perform daily activities after stroke.
To evaluate recovery, effects of rehabilitation interventions or changes over time, reliable and valid outcome measures are needed. Several outcome measures are available to assess different aspects of impairments and activity limitations in the arm and hand after stroke [8] [9] [10] . The majority of these are based on observations and ratings of the ability to perform different tasks [8] [9] [10] [11] [12] [13] , whereas some are self-reported outcome measures. The advantage of such measures is that they provide a better understanding of the everyday difficulties that disabled persons may perceive [14, 15] , which enable the clinicians to design more individually targeted rehabilitation interventions.
One self-reported outcome measure is the ABILHAND [16] , which is an interviewbased questionnaire that measures self-reported ability to perform complex hand activities in 23 daily situations. It was initially developed and validated for persons with rheumatoid arthritis [16] and then for persons with chronic stroke [17] as well as for several other diagnosis [18] [19] [20] [21] [22] . The ABILHAND Questionnaire is reliable in a test-retest situation in persons with rheumatoid arthritis and in persons with systemic sclerosis [19, 23, 24] . It has also been shown to have high internal consistency reliability after stroke [17] . In several recent studies it has been used to assess recovery of the arm and hand and changes following interventions [25] [26] [27] [28] [29] [30] . However, to the best of our knowledge no study has assessed the testretest reliability of the ABILHAND Questionnaire in persons with stroke.
To fully assess the reliability of a measure or instrument, several statistical methods are required. These should cover agreement between measurements, systematic changes in the mean and measurement variability [31] . Such a comprehensive reliability analysis can also be used to define limits for the smallest change that indicates improvements following an intervention or changes over time, both for a group of individuals or a single individual.
The aim of this study was to assess the test-retest reliability of the ABILHAND Questionnaire as a measure of daily hand activities in chronic stroke and to define limits for the smallest change that indicates a real change, both for a group of individuals and a single individual.
MATERIAL AND METHODS

Participants
A convenience sample of 43 community-dwelling individuals (32 men and 11 women) with chronic stroke and mild to moderate impairments of hand function was recruited from a university hospital in the south of Sweden during January to August 2012. Inclusion criteria were: (i) persistent upper extremity paresis but remaining motor function in the affected arm and hand (i.e., ability to grasp and release an object); and (ii) 6 to 48 months post stroke. Exclusion criteria were: (i) other diseases or disorders that could affect arm and hand function; (ii) difficulty to communicate or to understand test instructions; and (iii) obvious signs and symptoms of cognitive impairment. In Table I , the participants' characteristics are described. Their mean age was 64 years (SD 8) and the mean time from stroke onset to first test occasion was 16 months (SD 8). Their median motor function of the more affected arm and hand was 11 points (range 3 to 15), as assessed by the upper extremity part of the Swedish version of the Modified Motor Assessment Scale [10, 32] .
Ethics
Prior to inclusion, information about the purpose of the study was provided and each individual gave their written consent to participate. The principles of the Declaration of Helsinki were followed, and the study was approved by the Regional Ethical Review Board, Lund, Sweden (Dnr 2011/742).
The ABILHAND Questionnaire
The ABILHAND Questionnaire for chronic stroke [17] consists of 23 common complex uniand bilateral daily hand activities (see Table II ) that are rated on a 3-point scale (0=impossible; 1=difficult; 2=easy). Activities not performed during the last 3 months are scored as missing responses. The ABILHAND is Rasch analysed, enabling raw (ordinal) data to be converted into an interval scale and the use of parametric statistical analyses [17] . The Rasch model estimates the item difficulty on a linear scale based on the responses for each item within a probabilistic model. The model automatically includes missing data in the analysis by using available data to estimate a person's probable rating and converts the raw score into a Rasch score. The Rasch score is presented in logits (i.e. log odds units), a linear unit defined as the natural logarithm of the odds of successful achievement of any item by the participant. The model assumes that participants with a higher ability to perform daily hand activities have a higher probability to succeed in accomplishing any item compared to participants with a lower ability. The logit scale ranges from plus to minus with the centre of the scale set to zero, where higher logits values represent better self-perceived ability [33] .
The ABILHAND Questionnaire logits scale for chronic stroke ranges from approximate -6 to +6 [17] .
Procedures
In this study, the Swedish version of the ABILHAND Questionnaire was used [34] . The participants responded to the ABILHAND Questionnaire on two occasions at the same time of the day, two weeks apart. The interviews were performed in a quiet and separate room of the hospital by the same physiotherapist (IL), who has more than 10 years' experience of stroke rehabilitation. The questionnaire took about 15 minutes to complete. According to the instructions for the ABILHAND Questionnaire, the participants were guided through the first five items in order to understand each level of the scale. They were asked to rate their ability to perform the items regardless of how much the more affected hand was used during the activity. The participant rated the remaining 18 items without guidance from the physiotherapist, but the instructions could be repeated if needed. Due to cultural differences, four items were slightly modified and rephrased after recommendations from the researchers that have translated the ABILHAND Questionnaire into Swedish [25, 34] . Item number 3 "Peeling potatoes with a knife" was changed to "Peeling potatoes" (as a potato-peeler is usually used). For item number 12 "Tearing open a pack of chips" the phrase or a candy-bag was added (since older persons rarely eat chips). For item number 4 "Cutting one's nails" and item number 7 "Filing one's nails" the phrase on both hands was added.
At the second test occasion, the participants responded to the items in a different order. The ABILHAND Questionnaire is accessible online in sets of 10 sheets, with the 23 items in a random order, to avoid any systematic bias. According to the instructions the examiner selected the next one of the 10 sheets for each new assessment.
After each assessment, the raw scores were entered into an online Rasch based data analysis module (www.rehab-scales.org) which automatically converted the data into logits by using the RUMM Rasch measurement software program (www.rummlab.com) according to the calibration of the scale established for chronic stroke patients [17] .
Statistical methods
Descriptive statistics were calculated for each participant's characteristics, for the response frequencies and differences in raw scores between the two measurements of the ABILHAND Questionnaire.
To determine the test-retest reliability several statistical methods were applied; a detailed account of the analyses, a rational for their use, and all equations have been presented previously [31] . Agreement between the measurements of the logit values (i.e., parametric data) was evaluated by the intra-class correlation coefficient (ICC). Different subforms of ICCs are available for different study designs and the most commonly used are ICC 1,1 , ICC 2,1 and ICC 3,1 . In practice, their values are often very similar. For a test-retest design both ICC 1, 1 or ICC 2,1 can be used [35] . In this study ICC 2,1 was chosen because it is calculated from a twoway repeated-measures analysis of variance that provides the basics for other calculations of reliability, i.e. the measurement variability [31] . However, the ICC can give misleading results as the values are highly sensitive to the spread of the measurements between subjects.
Therefore, the analysis should be complemented by an analysis of the change in mean and measurement variability [35] .
The change in the mean was calculated from the logit values obtained from the two test occasions. A Bland & Altman graph was formed to display the data graphically (the difference from the two test occasions plotted against the mean of the two test occasions for each participant), and to reveal any systematic bias and outliers. To assess if participants with higher logits had a higher dispersion than those with lower logits (heteroscedasticity) the mean of the two test occasions was correlated to the difference between the two test occasions. The mean difference (đ) was calculated between the two measurements (test 2 minus test 1), and a 95% interval for the đ was formed to determine if there was a true systematic difference between the logit values from the two test occasions.
Measurement variability was assessed by the standard error of measurement (SEM) and the smallest real difference (SRD). The SEM gives the measurement variability in absolute values and represents the limit for the smallest change that indicates a real change for a group of individuals. From the SEM, the SEM% was calculated, representing the change in relative terms. The smallest real difference (SRD), representing the limits for the smallest change that indicates a real change for a single individual, was calculated together with an 95% confidence interval around the mean difference of the two measurements (đ). From the SRD, the SRD% was also calculated. Probability values less than 0.05 were considered statistically significant. Data were analysed using the IBM SPSS Statistics version 20 (IBM Corporation, Armonk, New York, United States).
RESULTS
In Table II the number of participants who responded to the 23 items (using the response options 0, 1 or 2) in the ABILHAND Questionnaire is presented; a value less than 100%
indicates that some participants responded that they had not performed an item during the last three months. Most participants rated the same response options at the second test occasion as during the first (i.e., the difference in scores was zero). Eleven items (items 6, 10, 11, 13, 15, 16, 18, 19, 20, 21 and 23) had a high response frequency (≥95%) at both test occasions, whereas five items had a low response frequency at both test occasions (items 1, 2, 5, 9 and 14). In total, for both test occasions, there were 18% missing responses. Two items, item 9 (Shelling hazelnuts) and item 14 (Sharpening a pencil), had a particularly high rate of missing responses.
The mean number (SD; range) of missing items for each individual on both test occasions were 4 (2; 1-9). The men had significantly more missing responses compared to the women (P=.036).
The Bland & Altman graph (Figure I) displays the difference between the logit scores between the two test occasions (test 2 minus test 1) plotted against the mean of the two test occasions. As can be seen in Figure I , four participants had high means and large differences in logits between the two test occasions and were considered as outliers. The results of the reliability analyses are therefore presented for the whole sample (n=43) and for the 4 outliers excluded (n=39).
As can be seen in Table III , the mean values in logits (i.e., converted raw scores) for the whole sample were 2.28 at the first test occasion and 2.52 at the second test occasion (n=43). When the four outliers were excluded (n=39) the mean values were 2.14 and 2.21, respectively.
In Table IV , the reliability of the ABILHAND Questionnaire is summarized. Testretest agreement was high: ICC 2,1 =0.85 for the whole sample (n=43) and ICC 2,1 =0.91 when the four outliers were excluded (n=39). The calculation of the change in the mean, obtained from the two measurements, showed that the đ value was positive for the whole sample (n=43). Zero was not included in the 95% confidence interval of đ, indicating that the score from the second test session was significantly larger than during the first test session. If the four outliers were removed from the analysis the đ value was still positive but zero was included in the 95% confidence interval of đ (i.e., there was no longer any systematic change in the mean between the test occasions). The Bland & Altman graph (Figure I) revealed that participants with higher logits had a higher dispersion than those with lower logits, i.e., a heteroscedasticity (r=0.49, P<.001). If the four outliers were excluded from the analysis there were no longer a heteroscedasticity (r=0.04; P=.79).
The measurement variability (Table IV) for a group of individuals, SEM and SEM%, was 0.51 logits and 21.2% for the whole sample (n=43). When the four outliers were excluded (n=39) the SEM and SEM% decreased to 0.33 logits and 15.2%, respectively. The measurement variability for a single individual, SRD and SRD%, was 1.41 logits and 58.8% for the whole sample (n=43). When the four outliers were excluded (n=39) the SRD and SRD% decreased to 0.92 logits and 42.1%.
DISCUSSION
In this study we have assessed the test-retest reliability of the ABILHAND Questionnaire as a measure of daily hand activities in a group of persons with mild to moderate impairments of hand function after stroke. The main findings were that the test-retest agreement was high and the measurement variability was acceptable to assess changes in a group of individuals. Four participants had particularly large differences in their mean logits between the first and second test occasion (see Figure I ) and were considered as outliers. Therefore, the reliability analysis was performed both with the whole sample (n=43) and without the four outliers (n=39). The results were affected accordingly, which have some important implications for the use of the ABILHAND Questionnaire as an outcome measure.
Our findings of high intra-class correlation coefficients (ICC 2,1 =0.85 to 0.91) are in agreement with previous studies in persons with rheumatoid arthritis (ICC=0.74 to 0.86) [23, 24] and systemic sclerosis (ICC=0.96) [19] . ICC is one of the most commonly used methods to evaluate reliability, but it is insufficient to fully assess the reliability of measurements [31] .
ICC assesses the agreement between repeated test occasions and thereby only the variance between individuals. It is also important to detect a variance within individuals by calculating
the change in mean from the two test occasions. Therefore, we have expanded our analysis and included analyses of changes of the mean and limits for the smallest change that indicates a real improvement, both for a group of individuals and for a single individual [31, 36] .
When analyzing the data for the whole sample (n=43), a systematic change in the mean logits was revealed. The mean difference (đ) was positive and zero was not included in the 95% confidence interval of đ (Table IV) To quantify the size of the measurement variability between two test occasions for a single individual, the SRD and SRD% were calculated. The SRD and SRD% was 1.41 logits Even if the Rasch model estimates a person's missing responses, missing data can reduce the precision and thus the reliability [38] . In the present study the missing responses were relatively high (between 2% to 86% per item, or 18% in total). This is higher as compared to other studies in persons with other diagnosis. In the study by Barrett et al. [22] missing responses ranged from 2% to 21% per item. In the study by Vanthuyne et al. [19] , missing responses were 6% in total and in the study by Vandervelde et al. [21] missing responses were 3% in total. However, two items in our study (item 9, 14) had a high rate of missing responses (see Table II ) and if these two items were deleted from the analysis the missing data decreased to 12% in total. Item number 9 "Shelling hazel nuts" is an uncommon activity, which has been pointed out also in other studies [22, 34] , and item number 14 "Sharpening a pencil" could be considered outdated as mechanical pencils are now most often used.
We also found a difference in missing responses between men and women, but not related to other variables such as age, paretic side or arm-and hand function. This indicates that some items in the ABILHAND Questionnaire are traditionally more performed by women than men. Missing data are always difficult to handle when using a rating scales. As missing data automatically are estimated in the Rasch analysis, the participants in our study were asked to rate only those activities that were commonly performed in real life during the last three months, i.e., the participants should actually have done the activities and not anticipated how these activities could possibly have been performed. One way to reduce missing responses could be to ask more follow-up questions for all items and not just for the first five, to verify the participant's answers.
Another factor that could have influenced the measurement variability is the brief description of many items in the ABILHAND Questionnaire, which could make them difficult to interpret. The response options -easy, difficult and impossible -might also be too imprecise and the distinction between them is unclear, which also has been described by others [22, 34] . Furthermore, the timespan of three months could have made it difficult for the participants to remember which activities they actually performed during this time period.
Moreover, a change in raw score at both ends of the Rasch scale leads to a higher change in logits as compared to a change in the centre of the scale (around zero). The standard errors vary across the scale and are smallest at the centre of the scale and largest at the end of the scale. Thus, measures that are located at the ends of the Rasch scale (i.e., high or low logits) are therefore less precise [22] . This was actually the case for the four outliers in our study with mean logits greater than 4.0. A recently published study has pointed out the same limitation and recommends that the range of measurement in the ABILHAND Questionnaire could be extended by adding more difficult items to increase the precision in the ends of the scale [22] . Despite these limitations it seems like the ABILHAND Questionnaire in practice works fairly well and most of our participants rated the same response options at the second test occasion as the first (Table II) . The test-retest agreement was high and measurement variability acceptable on a group level. Although the measurement variability for a single individual was fairly high the ABILHAND Questionnaire could still be useful in the clinical setting as a guide to individual goal setting and treatment planning of complex hand activities in daily life. However, for individuals with 'extreme logits', careful consideration must be taken when the effects of different interventions are evaluated to be confident that a real improvement has occurred.
In this study, we included only individuals with mild to moderate impairments of hand function in a chronic phase, an ability to use both hands in daily activities (i.e., to grasp and release an object), no difficulty to communicate and no major cognitive impairments.
Therefore, the results cannot not be generalized to the entire stroke population. A strength of the study is that we included 43 participants, which can be considered sufficiently large when the reliability is examined [39] . Moreover, great care was taken to standardize the test situation; the tests were performed at the same time of the day, at the same location and with the same time interval between the tests which strengthens the result.
CONCLUSIONS
The ABILHAND Questionnaire, as a measurement of self-reported ability to perform daily hand activities, is reliable in persons with chronic stroke and can be recommended to evaluate recovery, rehabilitation interventions and changes over time in a group of individuals but is less suitable for a single individual.
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